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Non-technical Summary
This paper investigates price formation in the European Union Emissions Trading Scheme (EU ETS). The aim of the paper is to know what is happening to the European Union Allowance (EUA) price, when new information hits the EU ETS. The focus lies on EUA prices reactions to the European Commission's decisions (the EC's decisions) on second National Allocation Plans (NAPs). Since prices should react only to unexpected information, a model of expectation-formation is provided, where agents anticipate the EC's decision on second NAPs. An empirical analysis supports the model; unexpected allocations of emissions allowances leads to pronounced price reactions of the expected signs. Moreover, the adjustment is not instantaneous, but takes up to six hours after the decision announcement.
The obtained results allow following conclusions. Our regression model is able to explain the EUA price reactions immediately after the publication of the EC's decision on second NAPs.
In particular, EUA prices adjust in the expected direction as a simple economic model of supply and demand would suggest. Hence, there is no evidence that EUA prices are disconnected from the considered fundamental factor, namely the overall supply of EUAs in the second commitment period. However, the slow adjustment of EUA prices to new information suggests that the EU ETS is not fully informationally efficient regarding the determination of the size of the overall cap.
Das Wichtigste in Kürze
In 
Introduction
As yet, little is known about the price formation in the European Union Emissions Trading Scheme (EU ETS). For example, it is not known whether the European Union Allowance (EUA) prices fully and correctly reflect all publicly available information. In this paper we (2009) provide first empirical evidence on the relation between fundamentals and price formation in the EU ETS. However, they do not focus on the impact of new information. This paper explicitly employs market expectations and high-frequency data and, therefore, is able to reveal novel aspects of price formation in the EU ETS.
Model of Expectation-formation
The EC's decisions on NAPs play a key role in the determination of the size of the overall cap in the EU ETS (for details, see European Parliament and Council, 2003) . In order to investigate the impact of the EC's decisions on EUA prices we have to account for the expected component of each decision, since only unexpected information should affect prices.
Our model of expectation-formation uses two facts about the approval of second NAPs. First, according to our investigation of the EU ETS framework, the study of related press releases, and interviews with market participants, it is widely accepted among market participants to treat the first NAPs as a point of reference for the second NAPs. Second, previous the first decision announcement, it was clear to all market participants that the EC will allow only tight caps in the second commitment period (for details, see e.g. Barosso, 2006a,b) . Hence, for each member state i=1, 2, …, 27, we model the conditional market expectations with respect to the EC's decision on the total number of EUAs in the second NAP,   | i i E y F  , as a function of i X , the total number of EUAs in the first NAP,
where cut is a real constant between 0 and 1. cut can be considered as a lump cut from the first NAPs. submitted i y is the total number of EUAs in the second NAP of the member state i that has been submitted to the EC for approval. i y represents the total number of EUAs in the second NAP that has been approved by the EC. i F  is the information set of all market participants before the considered decision that includes i X and submitted i y , but not i y . The conditional expectation is equal to the submitted number of EUAs, if cut leads to a greater or an equal number than submitted to the EC (our escape clause). 1
In order to test for which values of cut our model delivers unbiased expectations, we regress i y on the above expectations for several choices of cut (0.00, 0.025, 0.05, 0.075, 0.10). The results indicate no expectation bias. In particular, the estimated intercept is not statistically significantly different from zero in all regressions. The estimated slope coefficient is close to and not significantly different from one. The coefficient of determination is in all cases above 0.995. A joint test of the null that the intercept is zero and the slope is one cannot be rejected at the usual significance levels in all regressions. Thus, the stated expectation-formation leads to no systematic deviations from the realized values for reasonable values of cut. We report results for cut equal 7.5 per cent. This choice is justified by the calculations presented later in the paper. However, the results are qualitatively similar for other values of cut.
Data and Methodology

Price and Announcement Data
We use price data for the ICE ECX EUA December 2008 futures contract, which is the most liquid futures contract in the period of interest. The high-frequency price data are obtained from the ICE Futures/European Carbon Exchange (ECX), the leading exchange for trading in EUA futures. After correcting for outliers, we calculate equidistant prices for each 10-minute interval during the trading session as the mean of the preceding and immediately following transaction prices. A detailed description of the data is available in Rotfuß (2009). 2 The announcement data, especially the number of approved EUAs in the first and second NAPs, are gathered from the EC's website and the relevant press releases. The publication time of the EC's decisions is taken from Point Carbon, a well-known news agency among EU ETS participants. In several cases the EC approved the second NAPs on the condition that changes are made to the total number of emission allowances. In a few cases the EC proposed informal emission caps, which the member states either accepted or dismissed by withdrawal of the proposed NAP shortly before the decision. There are in total 36 announcements on second NAPs: 27 (conditional) approvals, six decisions on amended and resubmitted NAPs, and three information leakages -publications of the EC's decisions before the announcement of the actual decision. We focus only on the 27 (conditional) approvals that were made in the period from 11/29/2006 to 10/26/2007, but account for the information leakages (relevant in the case of Germany and Belgium) to avoid measurement errors arising from stale information. 3 We account for the information leakages by replacing the calculated expectations for Germany and Belgium with the leaked out values. Due to low liquidity at the beginning of the considered announcement period and the rapid succession of the announcements on four days, it is not possible to measure the effect of each announcement separately. Instead, 17 announcements that occurred on four trading days are summarized into four (compiled) announcements to have only one announcement per trading day. The calculation of the relevant quantities occurs in a straightforward fashion; the time stamps of the first announcements on the four trading days are assigned to the four compiled announcements. The other quantities are defined as the sum of their respective individual counterparts. After doing so, we are left with 14 announcements that we employ in our regressions.
Methodology
We use simple cross-sectional methods similar to Almeida et al. (1998) to assess the EC's decisions on second NAPs on the EUA prices. If the proposed expectation-formation in Section 2 is correct, then the surprise component should be able to explain the price changes immediately after the announcements. The central equation that we use in our empirical analysis is given by the following formula, 
Empirical Results
4 All results are robust to the use of logarithmic price changes rather than absolute price changes as the dependent variable. 5 The average time between the announcement instant and the closure of the trading session equals 361 minutes.
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The empirical results are presented in Table 1 und Figure 1 . In particular, unexpected cuts lead to price increases and unexpected over-allocation to price decreases. An unexpected cut of 1 million EUAs leads to an EUA price increase of 4.6 Euro cents when we consider price changes between the announcement instant and the closure of the trading session ( i t  = T-t i ), see Table 1 . The effect is significant given its t-value of 5.3. The 95 per cent confidence interval of the impact ranges from 2.7 to 6.4 Euro cents. The estimated constant equals 1 Euro cent, which we consider to be not statistically different from zero due to its significance level of almost 15 per cent. Finally, our model seems to explain the variation of considered EUA price changes fairly well -the coefficient of determination equals 70 per cent.
Turning the focus to time periods up to 480 minutes after the announcement instant reveals a graduate adjustment of the EUA prices to new information. As the estimate of  in the upper part of Figure 1 suggests, an unexpected cut of 1 million EUAs leads to a price increase of 2 Euro cents within 60 minutes after the announcement instant. Moreover, the impact is not only positive, but also statistically significant. Of course, this price adjustment is not necessarily slow for a new market. However, further estimation results for longer time periods reveal an adjustment within six hours: Beginning at 160 minutes after the announcement instant, the price adjustment increases from 2 Euro cents, within 190 minutes to 4.9 Euro cents. Shortly thereafter, the impact of the surprises becomes insignificant, but remains at the same level. For the same time intervals up to eight hours after the announcements instant, the estimate of  is small and, what is more important, in most cases not statistically different from zero (see lower part of Figure 1 ).
If we assume that market participants are to some extent not rational and drop our escape clause in the stated expectation-formation model, then we are able to estimate cut by simply regressing i y on i X . In this case, the estimated slope coefficient equals 1-cut and the residuals can be regarded as surprises or forecasting errors. The obtained estimate of 1-cut equals 0.919 and is statistically different from one, suggesting a value of 8.1 per cent for cut, which is not that far from the value of 7.5 per cent. The estimate is significant at all reasonable levels and its 95 per cent confidence interval spans the set of real numbers from 0.900 to 0.939. The estimated impact of calculated forecasting errors on the EUA price changes amounts to 3.3 Euro cents and is also significant. The appropriate 95 per cent confidence interval includes all real values from 1.5 to 5.0 Euro cents.
The overall pattern of the estimated impact does not change when we consider other values of cut between 0 and 10 per cent. In most cases, the estimated impact of the surprises is positive and significant and exhibits a gradual increase. Again, the random fluctuations of EUA prices do not become evident until six hours after the announcement instant. The significance is smaller in most cases for the more extreme choices of cut. The estimated intercept is small and insignificant in most regressions when measuring price changes over intervals up to eight hours. Therefore, the results seem to be robust across different post-announcement intervals and reasonable lump cut values.
Conclusions
Based on our results we can draw the following conclusions. Our regression model is able to explain the EUA price reactions immediately after the publication of the EC's decision on second NAPs. In particular, EUA prices adjust in the expected direction as a simple economic model of supply and demand would suggest. Hence, and contrary to Mansanet-Bataller and Pardo (2007), there is no evidence that EUA prices are disconnected from the considered fundamental factor, namely the overall supply of EUAs in the second commitment period. However, the slow adjustment of EUA prices to new information suggests that the EU ETS is not fully informationally efficient regarding the determination of the size of the overall cap. Several open questions remain for further research. First of all, the investigation of the relation between other fundamentals and EUA prices at high-frequency, e.g. oil, coal, gas, or electricity prices, deserves a thorough analysis. Another question is the reason for the slow adjustment of EUA prices to new information. It might be that the slow adjustment to new information is simply one of the teething problems of the EU ETS. It might be, however, that the structure of the EU ETS produces impediments to adjustment. 
Coefficient of determination
Number of observations F(1,12)=28.33; Prob > F = 0.0002 R 2 = 0.70 Nobs = 14 The dependent variable is the EUA price change between the announcement instant and the closing of the trading session; the independent variable is the unexpected information S i (for definition, see Section 3.2). The value of cut equals 7.5%. The figure presents the estimates of  (upper) and  (lower), both indicated by the solid line, and their corresponding 95 per cent confidence intervals (dotted lines) from the regression of EUA price changes over several time periods (indicated by the x-axis) on the unexpected information S i (for more details, see Section 3.2). The time intervals are measured in minutes after the announcement instant. The value of cut equals 7.5%.
